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SPECTROSCOPY LETTERS, 4 ( 7 ) ,  245-253 (1971) 

SPEED OF GAMMA RAYS EMITTED BY HIGH SPEED PARTICLES 

Wallace Kantor 

4477 Aragon Drive 
San Diego, California, 92115 

Abstract: Experiments alleged to confirm the absolute speed 
of light by Sadeh, Fillipas and Fox, and those done at CERN 
on the emission of gamma rays by higrh speed particles are 
shown to be inconclusive. These experiments have been inter- 
preted quantitatively on the basis of an "extinction" 
hypothesis formulated by J. G. Fox f'or which there is no 
experimental confirmation or denial. Rather than confirming 
the absolute speed of light, these null  result experiments 
can also be regarded as merely showing the obliteration of 
the relative speed of light as it propagates through various 
media. 

SADEH EXPERIMENT 

Sadeh' presented the results of his experiment in 1963 

on the time of flight of gamma rays emitted as a result of the 

in-flight annihilation of positrons. Sadeh considered that in 

the collision of a free positron "the center-of-mass system of 
the positron and electron moves with a velocity close to -c." 

The product of annihilation constitutes two gamma rays emitted 

in opposite directions along the same straight line (in the 

c.m. system) each with speed - c. The c.m. system was 

considered to act as a moving source of gamma rays relative to 

the laboratory with respect to which the negatrons in a 

plastic target (on which the positrons were incident) were 

essentially at rest. The essentials of Sadeh's arrangement is 

shown in Figure 1 in which 5 is the positron source, 21 is the 
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W. KANTOR 

p l a s t i c  t a r g e t  i n  which t h e  i n - f l i g h t  a n n i h i l a t i o n  p roduc t s ,  

t h e  gamma photons,  are generated t h a t  are d e t e c t e d  by t h e  

sodium i o d i d e  s c i n t i l l a t i o n  c r y s t a l s  C1 and C2. 

Sadeh thought  t h a t  a t r a n -  

s i t  t i m e  d i f f e r e n c e  ( ~ 1 . 5 n  sec) 

of t h e  gamma r a y s  i n  t h e  forward 

and backward d i r e c t i o n s  could be 

observed i f  t h e  speed of l i g h t  

( c+v)  depended on t h e  motion of 

- - 
i t s  source.  H e  sought  t o  

measure t h e  t r a n s i t  t i m e  d i f -  
F I G .  1, Sadeh Experiment 

f e r e n c e ,  i f  any, by coincidence count ing techniques.  H e  

d e t e c t e d  no t i m e  d i f f e r e n c e  and concluded t h a t  h i s  obse rva t ions  

provided experimental  co r robora t ion  of  t h e  second E i n s t e i n  

p o s t u l a t e  t h a t  t h e  speed of l i g h t  i s  independent of the motion 

of  i t s  source,  which i s  t o  say t h a t  t h e  speed of l i g h t  i s  

a b s o l u t e .  

Relative t o  t h e  c.m. t h e  t w o  e l e c t r o n s  approach t h e  c . m .  

each w i t h  speed - u equa l  t o  0 . 5 ~  and t h e  t o t a l  energy b e f o r e  

a n n i h i l a t i o n  i s  2 m 0 c 2 / ~ ( 1 - B 2 )  = 1 . 1 8 0  MeV; B = u/c. 

a n n i h i l a t i o n  two gamma r a y s  are emi t t ed  i n  e x a c t l y  oppos i t e  

d i r e c t i o n s  each w i t h  energy hv equal  t o  0 .590  MeV, or h a l f  t h e  

t o t a l  energy be fo re  a n n i h i l a t i o n .  

A f t e r  

R e l a t i v e  t o  t h e  l a b o r a t o r y ,  t h e  negatron i s  a t  res t ,  t h e  

c . m .  moves wi th  speed equa l  t o  0 .5c,  and t h e  p o s i t r o n  moves 

(according t o  the E i n s t e i n  "add i t ion"  theorem) wi th  speed 

equal  t o  2 u / ( l  + u z / c 2 )  o r  0 . 8 ~ .  The l a b o r a t o r y  f r equenc ie s  

of t h e  forward and backward emi t t ed  gamma r a y s ,  coming from t h e  
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SPEED OF GAMMA RAYS 

a n n i h i l a t i o n  complex ( t h e  c . m . )  t h a t .  moves re la t ive  t o  t h e  

l a b o r a t o r y  w i t h  speed  Bc e q u a l  t o  0 .5c ,  are g i v e n  acco rd ing  

t o  t h e  Eins te in-Doppler  formula  as 

The numer i ca l  r e s u l t s  i n  t e r m s  o f  energy  are 

hvf = 1.63hv = 0.96Mev and hvb = 0.68hv = 0 . 4 0  M e V .  

I n  Sadeh ' s  a r rangement  " t h e  on1.y gamma r a y s  g a t i n g  t h e  

mul t i channe l  a n a l y z e r  w e r e  t h o s e  between 0.511Mev and 0.65Mev 

( t h e  energy  range  of t h e  a n n i h i l a t i o n - i n - f l i g h t  gamma r a y s  from 

o u r  s o u r c e )  . " Sadeh mis t aken ly  b l i n d e d  h i s  a p p a r a t u s  t o  t h e  

i n - f l i g h t  a n n i h i l a t i o n  p r o d u c t  gamma r a y s  whose Doppler s h i f t e d  

e n e r g i e s  were above and below t h e  i n c o r r e c t l y  c a l c u l a t e d  

response  range  i n  h i s  a p p a r a t u s .  

Sadeh '  s c la imed ' co inc idence  I o b s e r v a t i o n s  w e r e  s p u r i o u s  

and a c c i d e n t a l .  Something l i k e  n i n e t y - f i v e  p e r c e n t  of t h e  

i n c i d e n t  p o s i t r o n s  from t h e  s o u r c e  a r e  f i r s t  s topped  i n  t h e  

t a r g e t  and t h e n  a n n i h i l a t e d .  The at;-rest a n n i h i l a t i o n  p r o d u c t  

gamma r a y s  go o f f ,  r e l a t i v e  t o  t h e  l a b o r a t o r y ,  w i t h  speed  - c i n  

o p p o s i t e  d i r e c t i o n s  a long  t h e  s a m e  s t r a i g h t  l i n e  i n  acco rd  

wi th  t h e  c o n s e r v a t i o n  of  momentum. S a d e h ' s  non-co l inea r  

d e t e c t o r s  w e r e  t h e r e f o r e  unable  t o  y i e l d  t r u e  co inc idence  

coun t s  f o r  t h e  o p p o s i t e l y  d i r e c t e d  c o l i n e a r  a t  rest  a n n i h i l a t i o n  

gamma r a y s  t o  which h i s  b l i n d e d  d e t e c t o r s  w e r e  a l o n e  a b l e  t o  

respond i n  t r u e  co inc idence .  H i s  co inc idence  c o u n t s  were t h e r e -  

f o r e  p u r e l y  s p u r i o u s  and q u i t e  a c c i d e n t a l .  Even w i t h  c o r r e c t l y  

responding  d e t e c t o r s  S a d e h ' s  c o u n t s  would s t i l l  have been 

a c c i d e n t a l  s i n c e  t h e  a n g l e  between t h e  d e t e c t o r s  w a s  i n c o r r e c t .  

-~ 
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w. KANTOR 

Sadeh's e f f o r t s  have been c r i t i c i z e d  as inconc lus ive  by 

F i l i p p a s  and Fox (1964) * on the grounds t h a t  t h e  r e l a t i v e  speed 

(ckv) _ _  of t h e  gamma r a y s  generated w i t h i n  t h e  p l a s t i c  t a r g e t  may 

have been "ext inguished" o r  d e p r e c i a t e d  t o  - c on propagat ing o u t  

of t he  t a r g e t  m a t e r i a l .  The same argument w a s  a l s o  brought 

a g a i n s t  a r e l a t e d  e f f o r t  by A l G a g e r ,  Ni lsson,  and Kjellman 

(1963) 9,4 f o r  gamma r a y s  

carbon t a r g e t )  t h a t  a l s o  passed through a vacuum chamber window. 

The Filippas-Fox experiment w a s  intended t o  measure t h e  r e l a t i v e  

speed of  gamma rays  from t h e  decay i n  f l i g h t  ( a t  0 . 2 ~ )  Of n e u t r a l  

pions i n  l i q u i d  hydrogen. I n  t h e  Fil ippas-Fox arrangement t h e  

gamma rays passed through s t a i n l e s s  steel (0.25mm t h i c k ) ,  

aluminum (2mm t h i c k )  and copper (1.6mm t h i c k )  i n  a d d i t i o n  t o  

about 1 0  c m  of l i q u i d  hydrogen. On t h e  b a s i s  of long chains  

of suppos i t i on  and i n t e r f e r e n c e  t h e  e m e r i m e n t a l  r e s u l t s  w e r e  

claimed t o  be i n  "complete disagreement" with t h e  r e l a t i v e  speed 

of l i g h t .  

y i e l d  t h e  fol lowing l i m i t s  on t h e  va lue  of 5 i n  t h e  expres s ion  

c+kv _ -  f o r  t h e  Y-ray speed: k 5 0 . 5  wi th  a confidence l e v e l  of 

99.9%, k I 0 .4  with a confidence leve l  of  90%." Thus was n o t  

l i m i t e d  t o  j u s t  t h e  va lue  of zero.  

i n t e r p r e t  such a s i t u a t i o n  as i n d i c a t i v e  of a c o n t r a d i c t i o n  of 

t h e  a b s o l u t e  speed of l i g h t ;  i .e . ,  k # 0. 

(from r e c o i l i n g  n u c l e i  generated i n  a 

I t  w a s  noted of t h e  data t h a t  "Chi square tests 

It would s e e m  p o s s i b l e  t o  

' 'EXTINCTION" 

FOX'S q u a n t i t a t i v e  e s t i m a t e  of t h e  e x t i n c t i o n  d i s t a n c e  a s  

A/2i~(n-l)  i s  based on an ex tens ion  from normal d i s p e r s i o n  i n  

t h e  v i s i b l e  o p t i c a l  spectrum t h a t  excludes anomalous d i s p e r s i o n  

r eg ions  where fi can be less than  u n i t y .  The index of r e f r a c t i o n  
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SPEED OF GAMMA RAYS 

(normal d i s p e r s i o n )  of aluminum i s  known from measurement t o  be 

s l i g h t l y  less than  u n i t y  i n  t h e  x-ray r e g i o n  w h i l e  t h e  index  o f  

r e f r a c t i o n  of l i q u i d  sodium a t  i t s  own D l i n e  i s  0.0045.5 The 

Fox e x t i n c t i o n  l e n g t h  f o r m u l a t i o n ,  i n  a d d i t i o n  t o  i t s  l i m i t a -  

t i o n , t o  normal d i s p e r s i o n ,  becomes meaningless  f o r  n - less t h a n  

u n i t y .  

Fox (1965)  ' p r e s e n t e d  some very  c h a l l e n g e a b l e  arguments 

on t h e  ' e x t i n c t i o n '  e f f e c t  as a q u a n t i t a t i v e  b a s i s  f r o m  which 

he  f r e e l y  c r i t i c i z e d  many o t h e r  exper iments  as i n c o n c l u s i v e .  

These exper iments  could  have been e v a l u a t e d  on much more 

p r a c t i c a l  c o n s i d e r a t i o n s ,  a s  he did i n  showing t h a t  t h e  Rotz 

(1963) '  experiment  w a s  i n c o n c l u s i v e .  The ' e x t i n c t i o n '  e f f e c t  

i s  p r e d i c a t e d  on t h e  assumption t h a t  a l i g h t  wave i n c i d e n t  on 

m a t t e r  is a n n i h i l a t e d  d u r i n g  which p r o c e s s  a 'new' l i g h t  wave 

i s  gene ra t ed  t h a t  p ropaga te s  through t h e  matter. I t  i s  one of  

a number of hypotheses  t h a t  cou ld  be p u t  f o r t h  t o  d e s c r i b e  t h e  

p ropaga t ion  o f  l i g h t  i n  m a t t e r .  There i s  no expe r imen ta l  

ev idence  whereby t h e  mechanism of t h i s  ' e x t i n c t i o n '  e f f e c t  can 

be reasonably  d i r e c t l y  i n f e r r e d .  It  i s  n o t  known how t o  

d i s t i n g u i s h  t h e  i n c i d e n t  wave from i ts  a l l e g e d  o f f s p r i n g  i n  t h e  

m a t t e r ,  i f  indeed  t h e  i n c i d e n t  wave i s  ' e x t i n g u i s h e d '  r a t h e r  

t han  a l t e r e d  by i n t e r a c t i o n  w i t h  t h e  m a t t e r .  Fox observed  i n  

a f o o t n o t e  (p .  15)6 t h a t  i n  t h e  absence  of expe r imen ta l  d a t a  

on e x t i n c t i o n  "Unce r t a in ty  about  how t o  es t imate  [ n o t  measure] 

t h e  e f f e c t  f o r  y r a y s  de l ayed  p u b l i c a t i o n  of t h e  [F i l i ppas -Fsx  ] 

exper iment  for many months.'' On t h e  v e r y  n e x t  page Fox 

d e c l a r e s  t h a t  " F i n a l l y  w e  have f a i r l y  good d i r e c t  expe r imen ta l  

v e r i f i c a t i o n  of t h e  e x t i n c t i o n  l e n g t h  f o r  x r a y s  12. " 
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W. KANTOR 

2 s u p e r s c r i p t  1 2  r e f e r s  back t o  FOX'S own work wi th  F i l i p p a s  

which was delayed i n  p u b l i c a t i o n  by u n c e r t a i n  e s t i m a t e s  of t h e  

60m of a i r .  On t h e  b a s i s  of  experimental ly  unsupported e x t i n c -  

t i o n  l e n g t h  computations it w a s  a s s e r t e d  t h a t  t h e  mod i f i ca t ion  

of the  p o s s i b l e  r e l a t i v e  speed of t h e  gamma rays  w a s  n e g l i g i b l e ,  

and t h a t  t h e  i n f e r r e d  gamma ray  speed from t h e  moving pion 

source w a s  abso lu t e .  I n  t h e  absence of any experimental  

evidence a t  all on t h e  e x t i n c t i o n  hypothesis  t h e  counter  

a s s e r t i o n  t h a t  t h e  speed of  t h e  gamma ray  w a s  a t t e n u a t e d  from 

- -  c+kv t o  c has  q u a l i t a t i v e  s i g n i f i c a n c e  t h a t  r ende r s  t h e  expe r i -  

mental r e s u l t s  ambiguous and inconc lus ive .  The s u b s t i t u t i o n  of 

one hypothesis  ( e x t i n c t i o n )  t o  e s t a b l i s h  another  ( a b s o l u t i v i t y )  

i s  n o t  conducive t o  p roduc t ive  r e s u l t s .  

CONCLUSIONS 

There i s  an i n h e r e n t  i n t e r p r e t i v e  asymmetry i n  t h e s e  

supposedly q u a n t i t a t i v e  experiments on t h e  speed of  l i g h t  

from moving sources .  There are two nagging problems of f a c t  

t o  s t a r t  with.  F i r s t l y ,  t h e  speed of t h e  source ( a  s p e c i f i c  

decaying p a r t i c l e )  w i t h i n  t h e  t a r g e t  mater ia l ,  a t  t h e  i n s t a n t  

of emission of a photon, i s  ambiguous t o  the  e x t e n t  t h a t  i t  has 

no t  been d i r e c t l y  measured. Secondly, t h e  v a r i a t i o n  of  t h e  

r e l a t i v e  speed of a photon w i t h i n  any given medium ( t h e  t a r g e t  

m a t e r i a l  o r  t he  a i r )  i s  completely unknown because t h e r e  i s  no 

d i r e c t  experimental  evidence. P resc ind ing  from t h e  f i r s t  

d i f f i c u l t y  a nega t ive  experimental  r e s u l t  can,  i n  t h e  absence 

of d i r e c t  q u a n t i t a t i v e  experimental  d a t a  on e x t i n c t i o n ,  be 

q u a l i t a t i v e l y  and c i r c u m s t a n t i a l l y  i n t e r p r e t e d  as showing 

e i t h e r  t h a t  t h e  added source  motion w a s  o b l i t e r a t e d  by 
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SPEED OF GAMMA FAYS 

p r o p a g a t i o n  o f  l i g h t  th rough a medium o r  t h a t  it w a s  n o t  s o  

o b l i t e r a t e d  and t h a t  t h e  speed  o f  l i g h t  i s  a b s o l u t e .  A 

p o s i t i v e  expe r imen ta l  r e s u l t  on t h e  o t h e r  hand i s  f r e e  of  t h e  

i n c o n c l u s i v e  dilemma o f  a d u a l  i n t e r p r e t a t i o n .  The p o s i t i v e  

r e s u l t ,  i f  it i s  n o t  s p u r i o u s ,  l e a v e s  no o t h e r  i n t e r p r e t a t i o n  

s a v e  t h a t  t h e  speed o f  l i g h t  from a moving s o u r c e  i s  n o t  

a b s o l u t e  b u t  r e l a t i v e .  I f  t h e  r e s u l t  i s  indeed  n o t  a s p u r i o u s  

one ,  i t  becomes p o s s i b l e  t o  r e g a r d  t h e  expe r imen t  as a l s o  

y i e l d i n g  ev idence  on t h e  e f f e c t  o f  a medium on t h e  p r o p a g a t i o n  

of l i g h t  from a moving source .  

What, i n  e f f e c t ,  has  been done i n  t h e s e  gamma r a y  

exper iments  i s  t o  cause  a t t e n t i o n  t o  be  s h i f t e d  t o  an 

e s s e n t i a l l y  renewed h y p o t h e s i s ;  namely,  an a l l e g e d  e x t i n c t i o n  

e f f e c t  f o r  which t h e r e  i s  no c lear  expe r imen ta l  ev idence  a t  a l l .  

This  u n s u b s t a n t i a t e d  " e f f e c t "  i s  a c t u a l l y  n o t h i n g  b u t  a 

t h e o r e t i c a l  c a l c u l a t i o n  based on an assumed v a l i d  e x t r a p o l a t i o n  

from t h e  v i s i b l e  spec t rum i n  which .region t h e r e  i s  n o t  one 

s h r e d  o f  expe r imen ta l  ev idence  t o  beg in  w i t h .  The l o g i c a l  

c i r cumlocu t ions  and c a l c u l a t i o n s  a r e  t h e n  a s s e r t e d  a s  i f  t h e y  

w e r e  h a r d  expe r imen ta l  f a c t  r a t h e r  than  t h e  s u p p o s i t i o n s  they  

r e a l l y  a r e .  I t  i s  by means of t h i s  unrecognized  v e r b a l  s l i g h t  

of hand t h a t  t h e  v a l i d i t y  o f  t h e  seizond E i n s t e i n  p o s t u l a t e  i s  

a s s e r t e d  by r e c o u r s e  t o  t h e  magica l  "exper iment"  of an hypothe-  

s is  of e x t i n c t i o n .  The empero r ' s  i n v i s i b l e  go ld  c l o t h i n g  i s  

now imagined t o  r e p r e s e n t  v a l i d  exper iment .  

The i n t e r p r e t a t i o n  of t h e s e  gainma r a y  expe r imen t s  i s  n e i t h e r  

s imple  n o r  d i r e c t .  They a r e  p r e d i c a t e d  on a long  c h a i n  of ( a t  

t i m e s  dub ious )  e x p e r i m e n t a l  i n f e r e n c e  and t h e o r e t i c a l  
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assumptions. Some of  them are so e l l i p t i c a l l y  r epor t ed  t h a t  a 

c a r e f u l  and i m p a r t i a l  e v a l u a t i o n  i s  impossible .  I t  i s  a l l  t o o  

easy  t o  be m i s l e d  by t h e  s h e e r  number of such seemingly 

c o r r o b o r a t i v e  experiments,  taken a t  f a c e  va lue ,  i n t o  a f a l s e  

sense of valid confirmation o f  t h e  p o s t u l a t e  of t h e  a b s o l u t e  

speed o f  l i g h t .  P a r t i c u l a r l y  i s  t h i s  t r u e  i f  t h e r e  i s ,  a s  t h e r e  

s e e m s  t o  be, a widespread d i s p o s i t i o n  t o  f i n d  a p r i o r i  what i s  

regarded as t h e o r e t i c a l l y  unavoidable.  With what c a u t i o n  

should a c r i t i que  of t h e  consensus be unfolded? 

---- 

There i s  cons ide rab le  m e r i t  i n  some of Fox's (1965)6 

c l o s i n g  remarks which s e e m  so relevant: "One might wish 

t h e r e  w e r e  a broader  experimental  base f o r  dec id ing  a q u e s t i o n  

as fundamental t o  p r a c t i c a l l y  a l l  of  phys i c s  as t h i s .  One 

might a l s o  hope t h a t  w e  w i l l  someday have r e s u l t s  f r e e  o f  t h e  

s l i g h t  [ ! I  ambigu i t i e s  which s t i l l  remain i n  the i n t e r p r e t a t i o n  

of some of t h e s e  experiments.  'I Later Fox (1967) ' concluded, 

"The whole h i s t o r y  of t h i s  m a t t e r  of proving [ r a t h e r  t han  

examining] t h e  constancy o f  has  involved an unusual ly  l a r g e  

number of e r r o r s .  There may be  more b u t  it s e e m s  t h a t  a t  

least w e  now understand t h e  r o l e  of  e x t i n c t i o n . "  Hardly! 
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